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ABSTRACT
The production of a single exotic Higgs particle is studied at Hera. Within
the present limits on the Yukawa couplings this doubly charged particle,
suggested by the left-right symmetric models, can be observed at Hera up to
values of its mass of about 150 GeV.
PACS numbers:
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The doubly charged Higgs bosons are the basic particles of a class of mod-
els of electroweak interactions, beyond the Standard Model, with spontaneous
parity violation [1],[2]. In the left-right symmetric model of Senjanovic and
Mohapatra [1], based on the gauge group G = SU(2)L ⊗ SU(2)R ⊗ U(1)B−L
[1], the scalar sector contains two triplets of Higgs fields HL and HR which
transform as (3,1,2) and (1,3,2) under G.
The phenomenology of the Higgs particle is uniquely determined once its
mass MH and its Yukawa couplings to the leptons gll′ are given. Therefore,
we briefly summarize the present experimental limits on the above two pa-
rameters. In the framework of the left-right symmetric model, by taking into
account the experimental limits on the neutrinoless double-β decay of Ge76,
Mohapatra found that g2ee ≤ 0.1 [3]. This bound is in agreement with the
allowed values of gee given in ref.[4], where the limits on the (ββ)oν decay of
the Te130 are also considered.
The case of a nondiagonal coupling (in the lepton flavour) of the H−− to
the charged leptons has been considered by Swartz [5]. In his analysis, taking
into account the spontaneous conversion of muonium into antimuonium, the
high-energy Bhabha scattering and the flavour changing µ→ eee decay, the
following limits are established: geegµµ < 5.8 × 10−5(MH/1 GeV )2, g2ee <
9.7× 10−6(MH/1 GeV )2 as well as the most stringent one
geegeµ
M2H
< 4.8× 10−11 GeV −2 (1)
Concerning the values of the doubly charged Higgs masses, the range
6.5 GeV ≤ MH ≤ 36.5 GeV has been excluded by a recent experimental
search of Higgs triplets at the SLAC collider [6]. These bounds are obtained
assuming gll′ ≥ 3 · 10−7 and examining the decay of the Z boson into a
(H++, H−−) pair.
In ref.[9] it has been pointed out that at LEP1 these masses can be probed
up toMH ∼ 100 GeV through the single H−− production, when two alterna-
tive scenarios are assumed for the Yukawa couplings: gee ≫ geµ or geµ ≫ gee.
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In this letter we adopt a point of view analogous to that of ref.[9] to the
aim of discussing the possible production of a single doubly charged Higgs
boson at HERA, the new ep collider in Hamburg, where [10] an electron beam
with Ee = 30 GeV and a proton beam with Ep = 820 GeV collide head-on
(
√
s ≃ 313 GeV ), with a luminosity up to 1.5 · 1031 cm−2s−1, according to
the project.
We calculated the following processes:
e−p→ e+pH−− H−− → e−e−(µ−µ−, τ−τ−) (2)
e−p→ µ+pH−− H−− → e−µ−(e−τ−, µ−τ−) (3)
whose diagrams are drawn in Fig.[1].
Joining together the results obtained by Mohapatra and Swartz, we as-
sume for gee in reaction (2) the value corresponding to the upper limit
g2ee = 9.7 × 10−6(MH/1 GeV )2 for 50 < MH < 100 GeV and the value
g2ee = 0.1 for MH ≥ 100 GeV. Moreover, in reaction (3) we assume Mohap-
atra’s limit g2eµ = 0.1 that is the only bound for geµ. With these reasonable
values of the parameters, we find that it is possible to probe at HERA doubly
charged Higgs particles with masses up to 150 GeV.
We computed the cross sections for the processes (2) and (3) using the
Weizsacker-Williams method of the Equivalent Photons Approximation (EPA)
applied to the vertex p→ p′γ∗ (for a review of EPA see [12]). In this approx-
imation, the single H−− production cross section is given by
σep =
∫
N(ω)σeγ(ω)
dω
ω
(4)
where the quantity
N(ω)/ω =
∫
dn(ω, q2)dq2 (5)
is the photon spectrum (see ref. [12]) and σeγ(ω) is the cross section of
the sub-process induced by the photon generated by the proton current. The
dependence of N(ω) on the photon frequency ω is obtained by integrating the
3
photon distribution dn(ω, q2) over the squared momentum of the space-like
photon, q2. In the EPA, the q2-dependence appears only in dn(ω, q2) whose
expression is determined by the structure of the p → p′γ∗ hadronic vertex.
Moreover, σeγ is the cross section for the absorbtion of a real unpolarized
photon of frequency ω.
The electric and magnetic Sachs form factors of the proton [13], GE(q
2)
and GM(q
2), have been included in the proton current to evaluate dn(ω, q2).
We adopted the usual dipole expression for the Sachs form factors:
GE(q
2) =
q4o
(q2o − q2)2
GM(q
2) = µpGE(q
2) (6)
where µp is the proton magnetic moment and with q
2
o = 0.71 GeV
2.
We checked numerically that the necessary condition for the validity of
EPA (the scalar and longitudinal photons contribution is much less than the
transverse one) is verified in the kinematic domain of our process. More
sophisticated checks that confirm the applicability of EPA in our case are
discussed in ref.[14].
The amplitudes contributing to the e−γ → e+H−− interaction can be
written as
Ma = gel
2
√
2
iu¯(k′)(1 + aγ5)
(kˆ + qˆ +me)
(|k + q|2 −m2e)
ǫα(q)γ
αu(k) (7)
Mb = gel
2
√
2
iu¯(k′)ǫα(q)γ
α (pˆH − kˆ +ml)
(|pH − k|2 −m2l )
(1 + aγ5)u(k) (8)
Mc = 2 gel
2
√
2
iu¯(k′)(1 + aγ5)u(k)
(pH + k − k′)αǫα(q)
(|pH − q|2 −M2H)
(9)
where l is e or µ and a = +1(−1) for HR (HL) production.
The analytical part of the calculation has been done by REDUCE and the
results for the total cross sections versus the H boson’s mass are plotted in
Fig.[2]. The resulting cross-sections are independent of the sign of a and the
same is true for the decay’s rate: Γ(HL → ll′) = Γ(HR → ll′). The differences
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between the two curves for MH < 100 GeV are uniquely due to the smaller
values taken by the coupling costant gee of the process (2), compared to
geµ. Both the cross sections, σeµ and σee, decrease rapidly when the value
of MH increases (for MH = 150 GeV σ = 2.7 × 10−2 pb ). We stress that
the numerical integration is not completely straightforward. In fact, since the
energies involved in the process are much larger than the leptonic masses, the
electron (muon) propagator inMb is very close to a pole. We have accurately
checked the numerical convergence of the integration and we estimate that
our results are affected by a numerical error of about 10%.
In the final state, the H−− longitudinal momentum has the same sign
of the incoming proton’s momentum, since the relative velocity between the
centre of mass and HERA frames is always greater than the H−− velocity
in the CMS. The angular distributions of the positron and scattered proton
are peaked along the initial proton direction. So, with high probability, the
process is projected forward on account of the particular kinematic of HERA.
In order to evaluate the final decay’s leptons distribution at HERA, we
performed a Monte Carlo simulation of theH−− decay. We adopted the value
1/3 for the branching ratio of both processes (2) and (3), having assumed
the gll′ values to be generation independent, i.e. gee ≃ gµµ ≃ gττ and geµ ≃
geτ ≃ gµτ [9]. The results are drawn in Fig.[3]. The distribution of one of
the negative leptons in the final state with respect to the angle θ, that is
the angle between the direction of the incoming proton and the outgoing
decay’s lepton, shifts at smaller values of θ, as MH increases. Nevertheless
this distribution is still peaked at large angles up to MH = 150 GeV. It is
worth noting that the lepton pairs are produced with a large opening angle,
never lower than 15o for MH ≤ 150 GeV.
In order to estimate the number of observable events at HERA, we assume
[16] the range: 4o ≤ θ ≤ 176o as the angular acceptance of the HERA
detectors and a luminosity L = 1.5 · 1031 cm−2s−1.
In Tab.[1], the number of events/year as a function of MH are shown; we
find that more than 92% of the lepton pairs overcome the angular cuts for
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MH > 50 GeV. Increasing the value of MH , the number of events rapidly
decreases. Although the events are few for MH ≥ 120 GeV, the detection of
the H−− may still be possible even at large mass values. In fact the signature
of the event is very particular because the proton goes into the pipe and
therefore the final state consists of three leptons, two of them (those coming
from the H−− decay) with the same sign and with large value of the invariant
mass.
In conclusion, under reasonable assumption on the coupling costant val-
ues, a single H−− production may be observed at HERA through the H
decay in a same-sign lepton pair up to MH ≃ 150 GeV.
We strongly encourage an experimental investigation of the H−− produc-
tion at HERA.
We thank M. Lusignoli for his suggestions, ideas and encouragement
throughout this work. We thank M. Iori, M. Mattioli and G. Penso for
useful discussions.
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Number of events/year versus MH at HERA
MH(GeV/c
2) 50 60 70 80 90 100 120 150
N eeevents(e
−p→ e+pH−−) 95 75 60 48 38 31 14 4
N eµevents(e
−p→ µ+pH−−) 391 215 126 77 49 31 14 4
TABLE and FIGURE CAPTIONS
TAB.1 : Number of events/year versusMH at HERA for the two reactions:
e−p → e+pH−− and e−p → µ+pH−−. The accuracy of the numerical
calculation is of the order 10%.
FIG.1 : Feynman graphs for single H−− production at HERA.
FIG.2: Plot of the total cross sections at
√
s = 313 GeV versus MH : the
dashed line refers to the process e−p→ e+pH−−, the full line to the reaction
e−p→ µ+pH−−.
FIG:3 The full, dashed and dot-dashed lines are the normalized angular
distribution of the decay’s lepton at HERA for MH=70,100,150 GeV respec-
tively.
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